SUMMARY
dural catheter was inserted at the T10-11 or Tll-12 space and 2% plain lignocaine solution 20 ml was administered. General anaesthesia was induced using thiopentone and maintained with nitrous oxide, plus 0.5 % halothane or 1 % enflurane in oxygen, using a facemask with the patient breathing spontaneously. Bupivacaine 0.5 % plain solution 10 ml was given extradurally at 1 h or during wound closure, whichever occurred first.
A continuous extradural infusion was commenced at the end of surgery using solutions prepared by the hospital pharmacy. No clinician was aware of the contents of the infusions and patients were allocated randomly to three groups: group 1 received 0.125 % bupivacaine 18.75 mg at 15 ml h" 1 ; group 2 received diamorphine 0.5 mg h" 1 in 0.9% saline 15ml; group 3 received diamorphine 0.5 mg h" 1 in 0.125% bupivacaine 15 ml. The solutions were administered using an Imed cartridge system or a Watson-Marlow roller pump. A 30-ml paediatric burette was inserted in the tube leading from the infusion bag to check the amount infused every hour. It was replenished every 2 h by the nursing staff.
It was explained clearly that, if postoperative pain relief proved to be inadequate, further medication would be provided on request (with i.m. diamorphine), and the patient would be withdrawn from the study.
The extradural site, duration of operation, blood loss and type of incision (transverse or midline) were recorded.
On recovery, the upper limit of analgesia to pinprick was determined and motor blockade of the lower limbs was assessed on a five-point scale: 0 = full power; 1 = weak but able to raise limbs against gravity; 2 = good movement, gravity compensated; 3 = minimal movement; 4 = paralysis.
Assessments were made at 2, 4, 6, 12 and 21 h following completion of the operation, or at the time the patient requested further analgesia. At each assessment, the patient completed a symptom checklist and a series of visual analogue scales with the limits described as follows: no pain-the worst pain imaginable; alert-drowsy; steadydizzy; muzzy-clearheaded; clumsy-well coordinated ; very well-very ill. An observer assessment of overall efficacy was made by the attending anaesthetist (D.S., A.L., or both) using a visual analogue scale (extremely poor-extremely good), and the upper level of analgesia to pinprick and the degree of motor blockade were recorded.
The nursing staff measured heart rate, arterial pressure, rate of ventilation and volume of extradural solution infused, at 1-h intervals.
Comparisons were made between groups using Kruskal-Wallis and Mann-Whitney tests. Comparisons of the extent of analgesia within groups were made using Mann-Whitney tests, and numbers of patients requesting further analgesia were compared using a x 2 test.
RESULTS
The groups were comparable in age, height, weight, extradural site, type of incision, duration of operation and blood loss (table I) . Analgesia and motor blockade were assessed on recovery from anaesthesia and there were no significant differences between the groups (table II) .
One patient in each group was withdrawn between 12 and 21 h because of dislodgement of the extradural catheter. All other patients were withdrawn from the study because analgesia was requested in addition to that provided by the extradural infusion; there was a significant difference between the groups at the end of the study (P < 0.05) ( fig. 1 ).
Comparison of the three groups demonstrated a highly significant difference in VAS for postoperative analgesia at each assessment (P < 0.01). Figure 2 shows the scores at each time point. Scores made by patients at the time of withdrawal were used at each subsequent time interval for statistical comparison between groups to avoid selecting out only those patients with adequate analgesia. The bupivacaine-diamorphine mixture (group 3) invariably provided superior analgesia to that from either bupivacaine (group 1) or diamorphine (group 2) alone. There were no significant differences between groups 1 and 2 at any time.
In addition to pain assessment, a further series of VAS was used to assess general well-being during each time period. These variables fluctuated independently of pain scores and comparisons of these subjective feelings have been confined to those patients with an adequately functioning extradural infusion and good pain relief. At the 12-and 21-h assessments both the groups receiving diamorphine scored significantly higher on indices of sedation (alert-drowsy; muzzy-clearheaded), but both groups receiving bupivacaine scored significantly better than the diamorphine alone group on the general scale (very well-very ill) at 21 h. There were significant differences in the observer VAS for analgesia between the groups at 4 h and 6 h; in each case the mixture was judged superior to either bupivacaine or diamorphine alone.
In all groups the upper analgesic level regressed during the first 4 h after operation. After this time the level of blockade was maintained well in most patients receiving bupivacaine either alone or as part of the mixture, but in some patients the block became completely unilateral, with no analgesia to pinprick on one side of the body. This occurred in four patients in group 1 and six in group 3. The upper levels of blockade of those remaining in the study at each time point are illustrated in figure 3. There were no significant differences in level of blockade between groups 1 and 3 at any time. Four patients in group 2 still had an analgesic level to pinprick at 21 h.
In the majority of patients, motor blockade in 
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Time ( Infusion stopped 16 9 the lower limbs regressed rapidly over the first 6 h. No patient in group 2 had any degree of motor blockade after 6 h. One patient in group 1 experienced an increase in motor blockade after initial regression and had grade 3 blockade at 21 h, but no other patient had a motor block greater than grade 2 at that time. The degree of blockade in all patients at 21 h is illustrated in table III.
Other side effects are listed in table IV. There was no evidence of reduced rate of ventilation (< 10 b.p.m.) in any patient following commencement of the extradural infusion.
Only one patient (group 2) required treatment for hypotension. This patient received ephedrine 5 mg i.v. immediately after return to the ward and gave no further cause for concern.
Urinary retention requiring catheterization was common in all groups, slightly more so in the group receiving the mixture.
DISCUSSION
This study has demonstrated that postoperative analgesia provided by an extradural infusion of bupivacaine and diamorphine is superior to the analgesia provided by each drug alone. The technique had a high level of patient acceptability and there were no major side effects.
The superior analgesia provided by the mixture may result from the combined effects of afferent neural blockade, selective spinal analgesia and a central analgesic effect secondary to vascular absorption of diamorphine [6, 7] . The greater incidence of sedation in the groups receiving diamorphine was evidence of a central effect. Because opioids and local anaesthetics have different sites and modes of action, a combination should allow minimal amounts of each to be used with good effect, reducing the possibility of overdosage with either agent.
The addition of diamorphine to a bupivacaine solution had no significant effect on the level of sensory blockade and there was no difference in the incidence of unilateral blockade between the bupivacaine-containing groups. A striking difference between the two groups was the superior analgesia in those patients with unilateral blockade' who received the mixture, compared with those who developed a unilateral block but were receiving bupivacaine alone. An analgesic level to pinprick was demonstrable at 21 h in four patients who received diamorphine alone. Segmental blockade by opioids has been demonstrated previously following the extradural administration of morphine 10 mg [8] .
It has been suggested that administration of an opioid parenterally can maintain or enhance a regressing extradural block [9] . In our study block level was maintained well in both groups receiving bupivacaine, once the effect of the local anaesthetic bolus administered in the operating theatre had worn off. This generally took 4-6 h. After this time the level of blockade did not regress in either group, but some patients in both groups developed a completely unilateral block. The cephalad extent of analgesia to pinprick was maintained well in the blocked side of all those developing unilateral blockade. In our opinion it is inappropriate to use mean block levels when commenting on extradural infusions because inclusion of unilateral blocks may lead to the false implication that all extradural infusions demonstrate regressing blocks. This was not the case in our study.
Frequent direct questioning elicited a high incidence of minor complaints. Itchiness was common in those patients receiving extradural diamorphine, but treatment was requested by only one patient. This patient received the mixture and complete resolution of the itch followed the administration of naloxone 0.2 mg i.v., the analgesia being unaffected. Nausea and vomiting occurred with similar frequency in the three groups. Urinary retention requiring catheterization was a common side effect of similar incidence in all groups. This finding is in significant contrast to the widely differing incidences of urinary retention reported in similar circumstances in other studies [10] [11] [12] .
The most important complication of extradural opioid administration is ventilatory depression. We used diamorphine in this study because it offered a reduced likelihood of late respiratory depression compared with morphine [8, 13] . Early respiratory depression [14] depends on bolus administration of diamorphine into the extradural space and does not occur with slow infusions.
Diamorphine undergoes deacetylation to monoacetyl morphine and morphine in body tissues and blood and its stability is important. It is soluble in 0.9% sodium chloride solutions [15, 16] , and this is dependent on pH. Diamorphine has a pK of 7.6 at 23 °C [17] and is highly ionized in 0.9% saline (pH = 5.39) and the bupivacainediamorphine mixture (pH = 5.28). It is also stable in these solutions with regard to degradation to monoacetyl morphine and morphine [18] , and can be given as an infusion. Diamorphine is more lipophilic than morphine, and has a more profound central effect after extradural administration because of more rapid systemic absorption and greater potency. Conversion to morphine in the extradural space would require diamorphine to be taken up by extradural tissue and deacetylated. It is not known if this local metabolism occurs, but a comparison of the pharmacokinetic profiles of hydrophilic or lipophilic opioids following i.m. or extradural administration suggests that significant extradural tissue uptake does not occur [19, 20] . Extradural tissue uptake would increase the volume of distribution of the drug within the extradural space and alter the pharmacokinetic profile, in that there would be a reduced rate of systemic absorption and lower peak plasma concentrations. Both the diamorphine-containing solutions have minimal buffering capacity and rapidly attain body pH. The pH of the solution is therefore unlikely to be a major factor altering systemic uptake or dural permeability of diamorphine. There is minimal conversion of diamorphine to morphine in the subarachnoid space [21] , and the increased lipid solubility results in rapid cord penetration [6] , which is important in limiting cephalad spread. For these reasons we believe diamorphine to be a suitable drug for extradural administration by a continuous infusion technique.
